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Abstract

The traditional method of manual electricity meter reading has limitations, including
human errors, inefficiency, and resource intensity. This research proposes a Smart GSM-Based
Automated Power Meter Reader System to streamline power consumption monitoring. The
system utilizes a GSM module integrated with a digital energy meter to provide real-time,
remote power consumption data to utility providers and consumers. This approach reduces
manual intervention, enhances accuracy, and promotes energy management. Finally, a user-
friendly interface is developed to visualize real-time energy statistics through interactive graphs
and tables, enabling users to track consumption trends and make informed decisions.
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1. Introduction

Electricity consumption monitoring is a critical task for both consumers and utility
providers. Conventional methods involve manual data collection, which is time-consuming and

prone to inaccuracies. Advances in communication technology, particularly Global System for
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Mobile Communications (GSM), offer a potential solution to automate and improve power
meter reading systems. The increasing global demand for energy, combined with the rising
need for efficient energy management systems, has placed significant pressure on utility
companies and consumers alike. Traditional power metering systems, which rely on manual
reading and estimation of energy consumption, are inefficient, prone to errors, and lack real-
time monitoring capabilities [1]. These issues not only lead to billing inaccuracies but also
hinder the effective management of energy consumption, especially as energy prices fluctuate
and consumers become more conscious of their environmental impact. As the world transitions
towards more sustainable and intelligent energy management practices, the need for Smart
Metering Systems has become more evident. These systems utilizes advanced technologies
such as GSM (Global System for Mobile Communications), 10T (Internet of Things), and cloud
computing to enable remote monitoring, real-time data collection, and improved interaction
between consumers and utility providers [2]. One such system is the Smart GSM-Based
Automated Power Meter Reader, which allows for seamless transmission of energy usage data
from the meter to the utility company through the GSM network, facilitating accurate billing,
fault detection, and performance optimization. Smart meters enable real-time data collection,
automated meter reading (AMR), and two-way communication between the consumer and
utility provider [3]. The integration of GSM communication allows for the remote transmission
of data over mobile networks, overcoming the limitations of traditional metering systems. The
introduction of technologies like GSM, 10T, and cloud computing has revolutionized the way
power consumption is monitored and managed. In a Smart GSM-Based Automated Power
Meter Reader System, the meter is equipped with a GSM module that sends data to a central

server or cloud platform, where it is processed and analysed in real time.

With GSM, utility companies can receive meter data without needing to send personnel
for manual readings, drastically reducing operational costs and human errors. GSM networks
provide reliable coverage, especially in urban and rural areas, making them ideal for the
widespread deployment of smart meters. loT-based smart meters can monitor energy usage
continuously, enabling consumers to track their consumption patterns in real-time. Data
collected from these meters can be analysed to identify trends, detect anomalies, and predict
energy demand [4]. The integration of cloud platforms allows for scalable data storage and
advanced analytics. Consumers can access their consumption data anytime, anywhere, while
utility companies can gain insights into regional energy usage trends, enhancing demand

forecasting and system optimization. The primary objective of the Smart GSM-Based
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Automated Power Meter Reader System is to offer an accurate, reliable, and cost-effective
solution for energy management. This study works to reduce the administrative burden
associated with manual meter readings. It also enables more efficient grid management by

providing insights into demand forecasting and load balancing.

2. Literature Review

Several automated power metering systems have been proposed, leveraging
technologies such as 10T, ZigBee, and Bluetooth. However, GSM-based systems offer unique
advantages in terms of coverage, cost-efficiency, and scalability. Studies highlight GSM's
effectiveness in remote communication and its integration with smart grids to enhance energy
management systems. This study reviews multiple dimensions to provide a comprehensive
understanding of the technological advances, challenges, and applications relevant to the
development of such systems. The advantage of using GSM technology lies in its widespread
availability, low-cost implementation, and ease of integration with microcontrollers and
sensors. Several studies highlight the use of GSM in remote meter reading systems for both
residential and industrial applications. [5] demonstrates the use of GSM for automated meter
reading (AMR) in smart grids, facilitating energy conservation and reducing human error
associated with manual meter reading. The integration of GSM with microcontroller-based
systems allows for the accurate and timely transmission of data, improving the efficiency of
utility companies in monitoring energy usage. loT-based power meters often use wireless
communication protocols, such as ZigBee, Wi-Fi, and GSM, to connect to cloud platforms
where the data is stored and analysed. [6] reviews the importance of using smart meters that
communicate through wireless protocols to enable two-way communication between the
consumer and the utility provider. This allows consumers to monitor their consumption, receive
real-time feedback on their energy usage, and make informed decisions about their energy
consumption habits. Additionally, the use of 10T allows for the integration of advanced data

analytics, which can optimize energy distribution and reduce wastage.

The concept of smart grids, which integrates smart meters, renewable energy sources,
and advanced communication technologies, is extensively discussed [7] and provides insights
into the evolution of smart grids and the role of automated meter reading systems. These
systems collect and analyse data in real-time, facilitating demand-side management and

predictive maintenance for utilities. The real-time processing of data enables quick response
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times, helping utility companies and consumers make timely decisions to optimize energy
usage. The research focus on big data analytics and machine learning techniques used to
analyse energy consumption data, wherein [8] explores the use of machine learning algorithms
to analyse data from smart meters for fault detection and energy consumption prediction. These
systems help in identifying abnormal consumption patterns that may indicate issues such as
meter tampering, faulty equipment, or system inefficiencies. The integration of cloud
computing also plays a vital role in processing large volumes of data collected from smart
meters. Cloud platforms provide the computational power required for storing and analysing
energy data in real-time. This is discussed in [9], where cloud-based smart metering systems
are shown to provide enhanced scalability and accessibility, enabling consumers to monitor
their energy usage from anywhere and at any time. [10] describes the development of mobile
apps for energy monitoring, which provide consumers with real-time feedback on their power
consumption. The importance of minimizing load time is discussed in [11], where the authors
emphasize that faster load times correlate with higher user retention and satisfaction. The
research study on mobile app retention, such as [12] suggests that a low bounce rate and high
session duration are indicators of effective content presentation and user interaction. In [13],
the relationship between app design and session length is explored, showing that apps offering

detailed analytics tend to keep users engaged for longer periods.

3. Methodology

The methodology section details the design, integration, and operation of the Smart
GSM-Based Automated Power Meter Reader System, encompassing hardware setup, data
processing, and user interaction. The proposed system ensures seamless communication
between the power meter, utility providers, and end-users for efficient energy monitoring and
billing.

3.1 Hardware Integration

1. Digital Energy Meter

The energy meter measures real-time power consumption in kilowatt-hours (kwh). A
standard digital energy meter with communication capability is selected to interface with the

microcontroller.

2. Microcontroller Unit
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A microcontroller (Arduino) serves as the central processing unit, interfacing with the
energy meter and the GSM module. It collects data from the energy meter through an RS-485,
ensuring reliable data transfer. It processes the data, such as formatting and aggregating

consumption details for transmission.
3. GSM Module

The GSM module (SIM800L) enables wireless communication with remote servers or
utility providers. It sends power consumption data as SMS messages to ensure compatibility

with varying network environments.

The system process flow is shown in Figure 1

Digital Energy Meter  —  Microcontroller Unit  ——  GSMModule ——  Cloud Server }—‘ Web/Mabile Application

Figure 1. Proposed Block Diagram
3.2. Data Transmission and Processing
The system ensures accurate and timely data delivery using GSM technology.
1. Data Collection

The microcontroller reads the energy meter at predefined intervals (hourly & daily). It
calculates total energy consumption and prepares the data packet, which includes the meter ID,

timestamp, and consumption values.
2. Data Transmission

The GSM module transmits the data to the utility provider's server or a cloud-based
system. The transmission method (SMS) depends on network availability and system

configuration.
3. Data Reception and Storage

At the server, the received data is decoded, verified for errors, and stored in a structured

database. Backup systems ensure data integrity and availability.
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3.3 Software Integration

The software component of the system bridges the gap between hardware, cloud
services, and the end-user interface. It involves data acquisition, processing, transmission, and

user interaction through a dashboard or mobile/web application.

The proposed system involves a cloud-based architecture for real-time monitoring and
management of energy consumption. Energy consumption data is collected from power meters
and transmitted to a cloud server. Energy consumption data is securely stored in a structured
database for historical tracking and analytics. Algorithms calculate total consumption (daily,
weekly, and monthly). Energy costs are computed based on dynamic tariff structures, factoring
in consumption patterns and time slots. Real-time monitoring tools assess system performance
metrics such as load time and bounce rate. Backend optimization ensures fast data processing,
while front-end enhancements improve user experience. Finally, the user interfaces will present

detailed energy statistics.

The input given in Algorithm 1 is Energy consumption data (E), Meter ID (M_ID),
Timestamp (T) and at the end of the process, the data packet gest transmitted to cloud server

Algorithm 1: Data Transmission from Power Meters

1. Initialize secure connection using MQTT over TLS.

2. Collect energy consumption data from power meter:
Data_Packet ={E, M_ID, T}

3. Encrypt Data_Packet using AES-256 encryption:
Encrypted_Packet = Encrypt (Data_Packet, Encryption_Key)

4. Transmit Encrypted_Packet to the cloud server.

5. Log transmission status.

6. If transmission fails:

Retry until max_retries or raise alert.
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Next, the data is stored in a relational database with (E[i]), Time period (T), and

algorithm 2 process it to calculate total consumption(E_total).
Algorithm 2: Consumption Calculation
1. Initialize E_total =0
2. For each record i in the time period T:
E total += E[i]

3. Return E_total

4. Results and Discussion

The developed web interface using Python monitors system performance metrics like

load time T;,,4 and bounce rate R,y nce-
4.1 Load Time Calculation

Load time is calculated as:

Tioaa = Tresponse + Trender
Where:
o Tresponse -~ SEIrVer response time.
e Trender - Time to render the data on the user interface.
4.2 Bounce Rate Calculation

Bounce rate measures the percentage of sessions where users leave after minimal

interaction:

Nsinate—
Rpounce = _>2Nglempage v 100

Ntotal sessions

e Nsingie—page - Number of sessions with a single page view.
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e Niotal sessions - Total number of sessions.

The collected processed data (E_total, C), Visualization preferences (V) will retrieve
processed data from database for specified period. Then, the user preferences (e.g., time range,
graph type) can be applied. The resultant graphs are then displayed on Ul using a visualization

library.

4.3 Performance Analysis
1. Bounce Rate Analysis

The system’s bounce rate is monitored to measure user engagement. A lower bounce
rate indicates a positive user experience. Table 1 shows the obtained bounce rate and its

improvement for the months January to February.

Table 1. Obtained Bounce Rate and its Improvement

Bounce Improvement
Month Rate b (%)
(%) °

January |55.4 —

February | 47.8 13.7

March 40.6 15.1

2. Load Time Optimization

Load time is a critical metric for user satisfaction. The system achieved an average load
time of 0.7 seconds, optimized through caching and query improvements. Table 2 shows the
previous load time and its improved optimized load time for the developed Dashboard and
notification update page.

Table 2. Previous Load Time and Improved Load Time

Previous Load Time Optimized Load
Component .
(s) Time (s)
Dashboard Page | 2.1 0.7
Notification
1. :
Updates > 05
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3. User Engagement

Session length and page views per session were analysed to evaluate how users interact

with the system. Table 3 shows the average session length and page views per session analysis.

Table 3. Average Session Length

Performance

Metric Value )
Indicator

Average Session . i
g 17 minutes High user engagement

Length
Page Views per 2 Balanced exploration
Session pages/session | of features

The web interface is still under development and the visualization will be included in
the future works.

5. Conclusion

The proposed cloud-based energy management system effectively addresses the
challenges of real-time monitoring, secure data transmission, and user-centric energy
consumption analytics. By utilizing advanced algorithms for energy computation, billing, and
performance optimization, the system provides a scalable and efficient solution for energy
management. The integration of dynamic tariff structures ensures fair and accurate billing,
while the user-friendly interface empowers consumers to make informed decisions about their
energy usage. The inclusion of performance monitoring metrics, such as load time and bounce
rate, ensures continuous system optimization and enhances user engagement. Furthermore, the
use of real-time feedback mechanisms allows for iterative improvements, tailoring the
application to user needs and expectations. Overall, this system represents a significant step
toward smarter energy management, contributing to sustainability by encouraging efficient
energy consumption and reducing waste. Future work may explore incorporating machine
learning models for predictive analytics and energy forecasting, further enriching the system’s

capabilities.

Journal of Electrical Engineering and Automation, December 2024, Volume 6, Issue 4 297



An Efficient Analysis of Cloud-based Energy Management System for Secure Data Transmission

References

[1] Ahmad, Muhammad Waseem, Monjur Mourshed, David Mundow, Mario Sisinni, and
Yacine Rezgui. "Building energy metering and environmental monitoring—A state-of-
the-art review and directions for future research.” Energy and Buildings 120 (2016):
85-102.

[2] Channe, Hemlata, Sukhesh Kothari, and Dipali Kadam. "Multidisciplinary model for
smart agriculture using internet-of-things (loT), sensors, cloud-computing, mobile-
computing & big-data analysis.” Int. J. Computer Technology & Applications 6, no. 3
(2015): 374-382.

[3] Paul Singh, Davinder. "Smart Metering Solutions for City Gas Distribution Company."
In ISGW 2018 Compendium of Technical Papers: 4th International Conference and
Exhibition on Smart Grids and Smart Cities, pp. 321-326. Springer Singapore, 2020.

[4] Liu, Xue, Yong Ding, Hao Tang, and Feng Xiao. "A data mining-based framework for
the identification of daily electricity usage patterns and anomaly detection in building
electricity consumption data.” Energy and Buildings 231 (2021): 110601.

[5] Jabbar, Waheb A., Sanmathy Annathurai, Tajul Ariffin A. Rahim, and M. Fitri Mohd
Fauzi. "Smart energy meter based on a long-range wide-area network for a stand-alone

photovoltaic system." Expert Systems with Applications 197 (2022): 116703.

[6] Jain, Siddharth, Sanjana Babu, Ashwini Ramachandran Nair, and Yashwnat Sawle.
"Smart Metering: Transforming from One-Way to Two-Way Communication." Active

Electrical Distribution Network: A Smart Approach (2021): 573-595.

[7] Rind, Yousaf Murtaza, Muhammad Haseeb Raza, Muhammad Zubair, Muhammad
Qasim Mehmood, and Yehia Massoud. "Smart energy meters for smart grids, an

internet of things perspective.” Energies 16, no. 4 (2023): 1974.

[8] Oprea, Simona-Vasilica, Adela Bara, Florina Camelia Puican, and loan Cosmin Radu.
"Anomaly detection with machine learning algorithms and big data in electricity
consumption.” Sustainability 13, no. 19 (2021): 10963.

ISSN: 2582-3051 298



Dinesh Rajassekharan., Abbylashnny A/P A Murugan

[9] Tchao, Eric Tutu, David Ato Quansah, Griffith Selorm Klogo, Francis Boafo-Effah,
Seth Kotei, Clement Nartey, and Willie K. Ofosu. "On cloud-based systems and
distributed platforms for smart grid integration: Challenges and prospects for Ghana's
Grid Network." Scientific African 12 (2021): e00796.

[10] Chadoulos, Spiros, lordanis Koutsopoulos, and George C. Polyzos. *Mobile apps meet
the smart energy grid: A survey on consumer engagement and machine learning
applications.” leee Access 8 (2020): 219632-219655.

[11] Bollenbach, Jessica, Stephanie Halbriigge, Lars Wederhake, Martin Weibelzahl, and
Linda Wolf. "Customer satisfaction at large charging parks: Expectation-
disconfirmation theory for fast charging.” Applied Energy 365 (2024): 122735.

[12] Chadoulos, Spiros, lordanis Koutsopoulos, and George C. Polyzos. "Mobile apps meet
the smart energy grid: A survey on consumer engagement and machine learning
applications.” leee Access 8 (2020): 219632-219655.

[13]Li, Han, Zhe Wang, Tianzhen Hong, and Mary Ann Piette. "Energy flexibility of
residential buildings: A systematic review of characterization and quantification

methods and applications.” Advances in Applied Energy 3 (2021): 100054.

Journal of Electrical Engineering and Automation, December 2024, Volume 6, Issue 4 299



